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Abstract 
Luminal art uses light as medium for expression through its faculty to reshape space. This 
research is inspired by the intuitive engagement present in the structures and principles of music 
for the composition of kinetic sculptures using light as material, without the involvement of 
sound. It presents my personal exploration of theoretical foundations and practical experiments 
to elucidate my relationship with the medium, mediated by the development of a framework for 
luminal art in space. The thesis outlines the construction of a luminous instrument and the 
arrangement of a spatial light composition as case study. The results may provide groundwork 
and guidance to other artists or practitioners interested in the present field. 
 
  
Resumo 
A arte luminosa utiliza a luz como um meio de expressão através da qual é possível a 
recriação do espaço. Este estudo é inspirado pelo compromisso intuitivo presente nas estruturas 
e princípios da música para a composição de esculturas em movimento, usando a luz como 
material, sem o envolvimento do som. Consiste numa exploração pessoal dos fundamentos 
teóricos e experiências práticas para esclarecer a minha própria relação com o meio, mediada 
pelo desenvolvimento de uma estrutura para a arte luminosa no espaço. A presente dissertação 
contorna a construção de um instrumento luminoso e a criação de uma composição de luz 
espacial, como estudo de caso. Os resultados podem fornecer uma base e orientação para outros 
artistas ou profissionais interessados nesta disciplina/temática. 
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1. Introduction 
Of all of the arts, music is the most immediately moving,  
the most visceral and contagious in its effects, the form that requires  
the least formal or musical education or background knowledge for appreciation 
 -Elisabeth Grosz (Grosz, 2008, p. 29) 
 
Abstraction and emotion are conveyed in music in such a powerful way that it has been a 
vast source of inspiration and reference for a long list of very diverse artists. Russian painter 
Wassily Kandinsky considered music as the most transcendent form of non-objective art and 
strongly believed that geometric figures had absolute sounds associated with (Kandinsky, 1977). 
“The pitch of various instruments corresponds to the width of the line: a very fine represents the 
sound produced by the violin, flute, piccolo; a somewhat thicker line represents the tone of a 
viola, clarinet; and the lines become more broad via the deep toned instruments, finally 
culminating in the broadest line representing the deepest tones by the bass-viol or the tuba” 
(Kandinsky, 1979, p. 98).  
 
Beyond painting, the study of the relationship between sound and image has found fertile 
soil in contemporary audiovisual production. The proliferation of extremely different practices 
has led to a scenario of inconsistent definitions among which can be found “visual music”, 
“colour music” or “live audiovisual performance” (May, Menotti, Lund, Fischer & Carvalho, 
2015). However, in the majority of cases visuals and optics are found subordinated to music and 
sound, yet broadly used as a relevant part of the background or scenography in theatre, music 
concerts and other performances. 
 
This research is an exploration of light as a medium of expression and to convey meaning 
in art. Indubitably inspired by the intuitive engagement present in the structures and principles 
of music, it departs towards the development of an exclusive luminal language. Looking at the 
tension between light and darkness to built spaces, incorporeal, where to bring awareness over 
the act of perception. 
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1.1 Motivation 
 
It could be said that my interest in light is a deviation from the experiences I have done as 
a real-time visual performer and its close interconnection with video projectors, hence using 
light to create images and construct narratives. But looking back that seems more a consequence 
that causality.  
 
The Spanish children’s toy Super Cinexin 8 may have played a major role in my 
fascination towards light at a very young age when I got gifted one, as it was very popular in the 
80s. The device was a small video projector in the shape of an 8mm video camera. It was 
completely silent and worked as a zoetrope, with a crank to manually operate cartoon films. The 
marvellous aspect was that you were able to reproduce the movies onwards or backwards, at 
any desired speed, and also the screen could vary from very small to a bigger size depending on 
how far the toy was placed from a screen-surface, after adjusting the lens to sharpen the image 
projected. Later on, I was given another toy with light. This time it was a slide projector to make 
drawings of static images projected over a surface. 
 
Another significant reaction to my fascination with light I can recall is painting 
incandescent bulbs after discovering its effects on a holiday trip to London in 2003. Using a 
special shellac resistant to heat, it is possible to create amazing colour patterns that can 
transform entire rooms when lit. 
 
I have always enjoyed live music and over the years I have attended a good number of 
concerts, many of which I have photographed for specialized magazines and websites. A type of 
photography that is completely determined by the stage lighting design at a given time. 
 
During the period of time I lived in London, I frequented events of all sorts that would take 
place in very different venues. Among the overall high standards, the acoustic quality of many 
of these places is something I had never experienced before, but lighting up a stage is an 
integral part of a live performance. Some of the lighting designs were incredibly remarkable,  
highlighting, for example, the ones done by the collective Pfadfinderei1. In combination with 
such a crisp sound, I was amazed by the materiality of the light when reshaping spaces capable 
of evoking a tactile quality in the sound itself. 
 
As an artist, I am drawn to the affective influence of colour, shape, texture and form as a 
point of connection to more subjective imaginative realities. While encountered as experiences 
                                                      
1 Among others, the collective is an integral component of the live performances of the band Moderat. More 
information can be found on their website http://pfadfinderei.com 
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of the abstract, my work seeks to drive us to a space where personal and collective viewpoints 
seem to somehow coalesce.  
 
Previous examples of my work already include the exploration of light, movement and 
audiovisual stimulation for the creation of immersive experiences. I seek to provide spaces for 
introspection, inducing meditative or other altered states of consciousness. I believe art can 
provide the framework to perceive the world in new ways, challenging our cognition. Aiming to 
encourage the viewer to question their perception as well as the existence of other simultaneous 
realities. A disruption in our ordinary mindset that can expand the awareness of the self, our 
environment and the diversity of relationships that constitute our experience of the world. 
 
1.2  Project and Objectives 
 
If we detach sound from the audiovisual relationship, is it still possible to retain a musical 
quality in a visual arrangement? Is it possible to compose and orchestrate light in space? These 
questions serve as the departure point for this investigation of luminal art. The present research 
has been framed around the combination of two intermingled processes: a documental study of 
light art and a cycle of action-research. This journey describes my own process of clarification 
of my relationship with the medium. A non-experimental practice-based research involving me, 
the researcher, as participant/observer (‘reflective practitioner’), in order to gain new 
knowledge partly by means of practice and the outcomes of that practice. 
 
A case study of the construction of a luminal instrument and the development of a light 
composition in space serving as a proof of concept of this proposition. The iterative cycles of 
testing and refinement of solutions in practice have been documented (field notes, photography 
and video) and collected for reflection as means of informing new principles and directions. 
Conversations with peers and colleagues about the findings also have served and influenced the 
direction of this line of work. 
 
1.3 Document Structure 
 
The document consists of five chapters, including this one, which serves as an introduction 
to the overall circumstances and motivation for the current thesis.  
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Chapter 2, Context, presents a compilation of the scientific and historical knowledge that 
have directly influenced the evolution of luminal art. I discuss the physiology of the human eye 
and its relationship with visual perception, the shift in modern sculpture from “objecthood” to 
“experience” and present a brief summary of significant episodes in the history of light art.  
 
Chapter 3, Design Experiments, articulates my own practice in the field of luminal art. It 
describes the framework for light art in space I have established, expanding the one previously 
made by Thomas Wilfred. It is complemented by the details of the case study, the construction 
of a light instrument, I have designed in the context of this research.  
 
Chapter 4, In Praise of Shadows, presents the process of conceptualization and execution 
of the public exhibition of a light composition in space, arranged for the light instrument 
defined in Chapter 3, that took place at the gallery of Maus Hábitos, Rua Passos Manuel 178, 4º 
4000-382 Porto (Portugal) in between 4 and 9 July 2017. 
 
Chapter 5, Conclusions, summarises the outcomes of this dissertation and presents some 
directions for further research that may follow in the field of luminal art in space.  
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2. Context 
We [humans] see, hear, touch, taste, smell, balance and are aware of our own existence. As 
sentient beings, our consciousness and experience of the world are built upon the mediation of 
our perceptual system. We understand and construct meaning by the relationships we establish 
with objects, environments, other living organisms and within our own self. Sensory systems 
are mechanisms to perceive stimuli and ours seems designed for life in a spatial domain: what 
happens inside the body is conveyed by proprioceptive and kinaesthetic senses; outside is 
perceived by contacts senses at the edge of the body, touch and taste; while beyond is mediated 
through the distance receptors, sight, hearing and smell (Bloomer,1990). The management of all 
the information gathered takes place in the human brain and informs the awareness of the 
beholder; first of itself, second of its environment, then of itself in scale to its environment, and 
ultimately the negotiation between itself and its environment (Hall, 1966). 
 
“Impressionists, surrealists, abstract and expressionist artists have shocked succeeding 
generations of viewers because they do not conform to popular notions of either art or 
perception. Yet each has become intelligible in time… Impressionists foreshadowed several 
features of vision that were later technically described by [James J.] Gibson2 and his fellow 
researchers.” (Hall, 1966, p. 89). 
 
 
2.1  The Eye of the Beholder 
 
To see is to think, and to think is to see  
-Richard Serra (McShine, Cooke & Serra, 2007, p. 36) 
                                                      
2 Hall refers in this line to the distinction between radiant light and ambient light, described in Gibson’s book The 
Ecological Approach to Visual Perception, published in 1979. 
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According to anthropologist Edward T. Hall (Hall, 1966), the development of humanity 
and their social capacities has been deeply influenced by the evolution of sight and hearing by 
means of environmental circumstances (Hall, 1966). The act of relying extensively on eyes and 
ears for communication has led to the development of arts that basically engage these two 
senses like music, writing, painting, sculpture, dance and architecture (Hall, 1966). 
 
Light is the thing that makes things visible and what we are able to see is, in the first place, 
defined by the nature of our biology. Sight receives more quantity and complex data than 
hearing or touch. Visual physiology derives from the basic physical attributes of light as it 
behaves as a ray, a wave and a stream of particles (Mather, 2008). However, the visual 
apparatus is only capable of perceiving a small portion of all the energy that surrounds us. What 
the human eye is capable of identifying as visible light is only a small portion of the full 
spectrum of electromagnetic radiation (eg., Bloomer, 1990; Mather, 2008). Different species 
have completely different visual fields: pollinator insects (see Figure 1), for example, see 
ultraviolet radiation instead which makes their perception of flowers completely different from 
ours ("Database shows how bees see world in UV - BBC News", 2017). Other species cannot 
discriminate colour and live in unsaturated worlds only sensitive to motion, while certain 
organisms do not possess eyes and perceive light by other means. 
 
 
 
Figure 1 - Pictures of flower Gagea minima under visible light and under UV light. 
Reprinted from Ultraviolet Flowers by Rørslett, B., 2003, retrieved June 8, 2017 from 
http://www.naturfotograf.com/index2.html 
 
Among the structure of the human eye, the iris is the muscle that, by means of expanding 
and contracting, moderates the amount of light entering through the pupil to reach the retina. 
The pupil also functions to maximise the sensitivity and resolution of the eye, yet its size can be 
influenced by emotional responses (Bloomer, 1990). The retina is a concentration of light-
sensitive cells, photoreceptors, located at the back of the eye (eg., Bloomer, 1990; Mather, 
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2008). These specialised cells convert light energy into electrochemical signals which are 
transported by the optical nerve ultimately to the brain. The whole process of generating a 
neural visual response takes up to about 3 milliseconds (Bloomer, 1990). Even though 
photoreceptors are activated by light, they can be induced by other means like mechanical or 
electrical stimulation, drugs and physiological conditions or injuries. These visual responses, 
known as phosphenes, can vary from tiny dots to more complex luminous patterns (eg., 
Bloomer, 1990; Mather, 2008). 
 
Photoreceptors in the human eye are divided into two categories: cones and rods. Cones 
are active under well-lit conditions (photopic vision) to perceive colour, detail, rapid changes in 
light and quick movement. This type of cells is subdivided into “red” cones, “green” cones and 
blue “cones” (eg., Bloomer, 1990; Mather, 2008). Rods, on the other hand, work better in dim 
light (scotopic vision) as they are very sensitive to luminosity and movement rather than form. 
Although they are slower to respond than cones they account for the 65% of the photoreceptors 
in humans (Bloomer, 1990). Rods are so sensitive to light and motion than some nocturnal 
animals have no cones at all. Both types of cells are not equally distributed in a human retina: 
the centre is highly populated with cones for high visual acuity, while rods are located in the 
outer region processing peripheral vision (eg., Bloomer, 1990; Mather, 2008). 
 
Retinal lag occurs when the retina continues to produce signals for a fraction of a second 
after a light stimulus has stopped (eg., Bloomer, 1990; Mather, 2008). In consequence, high-
speed series of separated images merge into the next producing the perception of steady motion. 
Critical fusion frequency is the point at which the human eye perceives a flashing light as 
constant, rating from 30 to 50 flashes per second (Bloomer, 1990). Some sources of artificial 
light present different flashing rating, flicker on fluorescent lamps can be distinguishable in our 
peripheral vision (rods), but when seeing directly it disappears (cones). 
 
When we are exposed to brightly lit conditions and then enter a darkened environment we 
can hardly see anything for a while. Under intense light, rods are chemically inactivated and a 
protein called rhodopsin must be restored in darkness before they can perform again. This 
phenomenon is known as dark adaptation and requires several minutes depending on the 
intensity of the light exposure in the previous surroundings (Bloomer, 1990). The process can 
require from 20 minutes in a dim environment up to 40 minutes when in complete darkness (eg., 
Bloomer, 1990; Mather, 2008). Whereas moving from darkness into bright light is dazzling as 
the sensitivity of the photoreceptors is set to dim light, light adaptation can take place over a 
period of 5 minutes (Bloomer, 1990).  
 
Objects are seen by the amount of light reflected over their surface in relation to the light 
source. Having different photoreceptors maximise the boundaries between bright and dark areas 
Context 
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influencing how we perceive surface, contour, edge, texture, solidity, form and distance (eg., 
Bloomer, 1990; Mather, 2008). When there is no variation an object or field is perceived as 
featureless.  
 
Our ability to distinguish colour in objects relates to the wavelengths of the colours that are 
being absorbed except the wavelength we are seeing which is the one that is reflected. Colour 
has three parameters (see Figure 2): hue, value and intensity (eg., Bloomer, 1990; Mather, 
2008). Hue or tint is the position in the spectrum and gives the basic name (red, blue, yellow, 
green among others). Intensity defines the brilliance or saturation of a colour. Value, also called 
brightness or luminosity, refers to the lightness or darkness (eg., Bloomer, 1990; Mather, 2008).  
 
 
Our experience of the world is conditioned by the self-awareness of the body. 
Proprioception discriminates between internal and external stimuli (eg., Bloomer, 1990; Mather, 
2008). Without this differentiation, the brain would interpret the world was moving every time 
we shifted our eyes. The ability to perceive one’s own presence serve as the basis for the 
construction of relationships by the position, distance and movement in relation to other entities 
(eg., Bloomer, 1990; Mather, 2008). 
 
Sight is designed for a world of motion. The visual field is the unique image an individual 
perceives at a discrete moment in time at a specific location in space. Movement changes the 
composition. Any variation in size, detail, pattern, sharpness or colour is perceived as motion 
and determined whether the subject or object are moving (eg., Bloomer, 1990; Mather, 2008). 
Figure 2 - Hue, intensity and value parameters in colour. Adapted from Colour Theory by 
Wikipedia, 2017, retrieved June 2, 2017 from https://en.wikipedia.org/wiki/Color_theory 
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Depth provides the visual cues to perceive distance. When objects are close to us they appear to 
move faster when they are far apart, known as motion parallax (Bloomer, 1990). It is an 
important aspect in viewing sculpture as the image is constructed from different possible 
viewpoints, unlike painting or photography which are designed to be viewed in one direction.  
 
The visual field in humans is conditioned by binocular vision (see Figure 3), the ability to 
superimpose the images captured by our two eyes at the same moment. The area of high acuity 
covers up to 60° (Mather, 2008). Things located in the peripheral are seeing with less clarity, 
sharpness and lower colour intensity. This phenomenon provides the ability to discriminate the 
perception of depth (eg., Bloomer, 1990; Mather, 2008). Beyond this overlapping domain, each 
eye extends its monocular region blind to the other one. 
 
 
In ancient times it was believed that two individuals who had experienced the same 
situation receiving, in theory, the same sensory information, would cause both brains to process 
that information in the same way, however, science has been proved that this is not the case 
(Hall, 1966). Perceptual worlds are built upon the perceptual sensory systems and how that 
sensory information is operated is an individual activity, yet influenced by culture. As humans 
we not only speak different languages, we also live in different sensory worlds (Hall, 1966). 
Figure 3 - Horizontal field of human vision. Adapted from Peripheral Vision by 
Wikipedia, 2017, retrieved June 5, 2017 from 
https://en.wikipedia.org/wiki/Peripheral_vision 
Context 
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Experiences are synthesised by humans, “a shape is nothing but a sum of limited views, 
and the consciousness of a shape is a collective entity” (Merleau-Ponty, 1962, p. 14). A person 
learns to see and what it learns influences what it sees. The distinction between the image 
reaching the retina and what a person sees has been technically labelled by psychologist James 
Gibson (Gibson, 1950) as visual field versus visual world. The eye mediates the perception of 
light, colour and shape, in the same way sound is perceived by the ear, yet the brain has the 
capacity to assemble and associate experiences, “filling gaps”, sometimes with visual details 
based on auditory cues, and vice versa, or taken information from previous experiences stored 
in memory (Gibson, 1950). He also postulates that the tactile and kinaesthetic dimensions take 
part in visual perception and cannot be treated as separate systems (Gibson, 1950).  
 
 
Our comprehension of the world begins by identifying and categorising entities and events 
(Levitin, 2006). Categorisation is fundamental in the process of relating to the outside world but 
subjected to experience. The association and differentiation between mental images help to 
make sense of stimuli yet compromises our perception of it. When referring, for example, to “a 
cat” (when not having one in front of us) our brain can reference the image of a wild cat or a 
domestic one, white or tabby, big or small, kitten or fully grown, even the image of a cartoon-
Figure 4 - Kosuth, J. (1968). One and Three Chairs. [Mixed media] New York: MoMA 
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like Sylvester to Garfield, maybe not an image at all but the pain of an allergic reaction or the 
loving memory of a pet. Perception is also sensitive to memory (Gibson, 1950) in the way that 
an object like an apple can be “seen” with the same shape and colour, besides modifying 
lighting conditions or the point of view of the beholder. This phenomenon is especially critical 
when differences are subtle and due to when referring these objects, it is being used the mental 
image rather than the physical image that is being perceived at a given moment.  
 
The famous painting The Treachery of Images (1928-29) by René Magritte challenges 
conventions of language and meaning. The combination of the word “pipe” and the image of 
one draws out attention towards the idea the painting is in any way a pipe but the representation 
of one ("The Treachery of Images, René Magritte", 2017). Conceptual artist Joseph Kosuth 
went one step beyond with his installation One and Three Chairs (see Figure 4). The artwork 
consists of a chair, a photograph of a chair and the written definition of the word “chair”. It 
embodies gracefully the distinction between object (sign), representation (signifier) and concept 
(signified), illustrating and questioning the construction of ideas in the human mind ("Joseph 
Kosuth. One and Three Chairs. 1965 | MoMA", 2017). 
 
When the brain is exposed to a uniform non-defined stimulation the resulting effect can be 
the amplification of the neural noise in order for it to find the missing cues for understanding a 
situation, known as Ganzfeld effect (Bloomer, 1990). This phenomenon can be induced by the 
deliberate reduction of stimuli from one or more senses and may condition cases of deep 
relaxation, meditation, hallucinations or other altered states of consciousness (Bloomer, 1990). 
Non-ordinary states can enable individuals to experience the world from different angles of 
awareness than the usual mindset and lead to a broader understanding of the world.  
 
 
2.2 The Expanded Field  
 
We borrow from nature the space upon which we build 
-Tadao Andō ("Tadao Ando", 2017) 
 
The advent and development of photography during the 1800s propelled radical changes in 
visual representation. Painting moved away from capturing images to explore new domains. 
Impressionism and Abstract expression emerged in response, dramatically changing the 
landscape of possibilities and languages. Under the influence of later movements like Dadaism 
and Pop-art, the question of what was considered art became self-evident. 
Context 
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It was the year 1951 when Robert Rauschenberg made a series of five modular paintings 
entirely white ("Robert Rauschenberg, White Painting [three panel], 1951", 2017), following the 
principles of Russian painter Kasimir Malevich to “reduce visual expression to its essential 
components” (Gere, 2008, p. 83). Despite public criticism, American composer John Cage 
considered the so-called White Paintings were not empty, rather a canvas for shadows or dust as 
a response to the world around them and, inspired by the artwork, he composed his silent piece 
“4:33” in 1952 (e.g., "Robert Rauschenberg, White Painting [three panel], 1951", 2017; Gere, 
2008). It is undeniable the influence that Cage has effected on modern culture. He considered 
music as a language someone speaks, while he was more interested in sound itself and believed 
in its spatial quality. One of his more influential ideas was that music is about composing, 
performing and listening, requiring the participation of an active listener in order to be complete 
(Gere, 2008).  
 
 
In sculpture, the rupture with traditional thinking in sculpture began to occur during the 
1960s. Even though several artists were already investigating new narratives, British sculptor 
Anthony Caro is credited for the removal of the sculpture from the plinth (Krauss, 1977). He 
had worked as an assistant to Henry Moore but was profoundly influenced by the Abstract 
movement, and, in particular, the work of sculptor David Smith, following a trip to USA in 
1959 and radically changed his sculptural approach rejecting figure. He came to public attention 
Figure 5 - Serra, R. (1972). Circuit. [Hot-rolled steel, four plates] New York: MoMA 
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in 1963 with a solo exhibition held at Whitechapel Gallery Art, London, and a year later in New 
York ("Anthony Caro Works from the 1960s - April 17 - May 30, 2015 - Gagosian", 2017). He 
impinged upon a whole generation of British sculptors through his role as lecturer at the St 
Martin’s School of Art in London.  
 
Meanwhile, in America, a series of artists such as Carl Andre, Frank Stella, Richard Serra, 
Dan Flavin or Sol LeWitt started to produce artwork that seemed to remove emotion and gesture 
as a rejection to Abstract Expressionism and Pop-Art, the dominant movements of the time 
("Minimalism – Art Term | Tate", 2017). The abolition of symbolism turned objects impersonal, 
an approach that was widely discussed. Materials would be often machine built or even ready-
made. The boundaries between viewer and art started to vanish as the objects were arranged to 
produce space rather than delivering a message. Meaning was held in the context and activated 
by the interaction with it. This formal simplification is known as Minimalism ("Minimalism – 
Art Term | Tate", 2017). The term Conceptual Art is used to refer to works where the essence is 
carried by the idea and object only exists as its physical manifestation or vehicle (LeWitt, 1967).  
 
For instance, when confronting Circuit (see Figure 5) of American artist Richard Serra 
“both our sense of ambience and space are being restricted and reconfigured in ways we 
actively have to negotiate” (Potts, 2000). As the gallery space is blocked and reshaped, the 
circulation of the viewer and the temporal dimension becomes an integral part of the artwork.  
 
Until this point the definition of sculpture was closely connected to the concept of 
monument, an object inhabiting a place and serving a symbolic function to that place 
(Anderson, 2017). These pieces belong anywhere yet they are best suited for a neutral venue 
like a museum, a non-place (Auge, 2008).  
 
 The paradigm was changing and using the classic definition of sculpture was becoming 
very uncomfortable to refer tri-dimensional artwork. Art historian Rosalind Krauss (Krauss, 
1979), a very active art critic of the New York scene, responded with the realm of the expanded 
field (see Figure 6). Sculpture had “entered the full condition of its inverse logic and had 
become pure negativity: the combination of exclusions… the category that resulted from the 
addition of the not-landscape to the not-architecture” (Krauss, 1979, p. 36). In her attempt to 
analyse the rise of these multiple new practises, she confronted the negative conditions to their 
positive counterparts, defining other three categories that sit at their intersection: site-
constructions, marked sites and axiomatic structures.   
 
Among all these categories, the artworks described as axiomatic structures explore the 
possibilities of architecture plus non-architecture (Krauss, 1979). They represent “some kind of 
intervention into the real space of architecture, sometimes through partial reconstruction, 
Context 
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sometimes through drawing, or as in the recent works of [Robert] Morris through the use of 
mirrors” (Krauss, 1979). It appeals to something that is built into space and cannot be removed, 
dependant of architecture yet to provide a new or different experience of it by its modification 
(Anderson, 2017). Krauss carries on to define that “whatever the medium employed, the 
possibility explored in this category is a process of mapping the axiomatic features of the 
architectural experience -the abstract conditions of openness and closure- onto the reality of a 
given space” (Kraus, 1979, p. 41).  
 
 
 
These new scenarios led to a very concrete question: “how might work be produced that 
escaped the closures of conventional conceptions of the object?” (Potts, 2000, p. 207), but more 
specifically, where does meaning reside? Art Historian Alex Potts (2000) makes a thorough 
analysis of how Phenomenology, the study of structures of consciousness as experienced from 
the first-person point of view (Smith, 2017), shaped the discussions of the 60s art world 
informing, among others, Krauss’ relationship to art. He asserts The Phenomenological Turn is 
mainly indebted to the writings of French Philosopher Maurice Merleau-Ponty as his approach 
had a particular significance on sculpture (Potts, 2000).  
 
Figure 6 - The Expanded Field, diagram by Rosalind Krauss. Reprinted from Krauss, R. 
(1979). Sculpture in the Expanded Field. October, 8, p. 37 
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Merleau-Ponty considers seeing “not as the self-contained activity of a disembodied eye, 
but as embedded within the body and inextricably bound up with a broader situation of the body 
within the physical environment” (Potts, 2000, p. 208). It involves sensing the self as a thing 
Figure 7 - Eliasson, O. (2003). The Weather Project. [Monofrequency lights, projection 
foil, haze machines, mirror foil, aluminium, and scaffolding] London: Tate Modern 
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situated in the world it inhabits. Self-awareness and awareness of things occur “in an ever 
shifting present, … made possible because what we presently perceive develops out of what we 
have perceived in the immediate past, and also anticipates what we are about to perceive in our 
immediate future” (Potts, 2000, p. 218). For Krauss the intent of the new relation between 
viewer and artwork resides in the bodily sensations the viewer experiences of an artwork as seen 
from different viewpoints (Potts, 2000), an “infinite sum of an indefinite series of perspectival 
views in each of which the object is given but in none of which is given exhaustively” 
(Merleau-Ponty and Edie, 1964, p. 15).  
 
The shift from object to experience has broadened contemporary art practice. Danish-
Icelandic artist Olafur Eliasson has publicly acknowledged the influence of Merleau-Ponty in 
shaping his thinking, among other philosophers. He has established his practice around “our 
ability to see ourselves seeing -or to see ourselves in the third person, or actually to step out of 
ourselves and see the whole set-up with the artefact, the subject and the object- that particular 
quality also gives us the ability to criticise ourselves … [and gives] the subject a critical 
position, or the ability to criticise one’s own position in this perspective” (Grynstejn, Birnbaum 
and Speaks, 2002, p.10), a moment he describes as “seeing yourself sensing”. In words of 
Curator Susan May when referring to Eliasson’s The Weather Project (see Figure 7), “[the] 
installation draws attention to the fundamental act of perceiving the world around us. But, like 
the weather, our perceptions are in a continual state of flux” (“About the installation: 
understanding the project”, 2017). 
 
 
2.3 Light as Medium 
 
Go inside to greet the light. 
-James Turrell quoting his grandmother (Orgeman, 2017, p. 16) 
 
The significance of light as an element in life goes beyond its role as mediator in visual 
perception. The known human history reveals that the ability to control fire has been pivotal to 
human evolution and the development of technology (Gowlett, 2016). It is also food for our 
bodies. Ultraviolet sunlight goes in our skin to help produce vitamin D of great importance in 
maintaining our serotonin levels and preventing depression (Vitamin D, 2012). A reverence for 
light has nurtured for a very long time an indivisible association with spirituality and the divine. 
In many different religions it is directly associated with the presence of God and goodness, 
where darkness, or lack of light, is connected to evil.  
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The chiaroscuro technique of Caravaggio; the 28 paintings Claude Monet (see Figure 8) 
did of the Rouen Cathedral facade (Riding, 1994); the atmospheric obsession of J. M. William 
Turner (Searle, 2012); light has been the driving force in pictorial depiction for innumerable 
artists. However, American artist James Turrell argues that “you cannot form light as clay or 
wax. You cannot carve it as with wood or stone. You cannot piece it together or weld it. You 
have to make the instrument that produces it” (Orgeman, 2017, p. 18). 
 
The first known record of the aesthetic contemplation of light itself heads back to ancient 
Greece being attributed to Pythagoras who considered “the majestic rhythm of heavenly bodies 
moving in their orbits as cosmic harmony, a vast rhythmic sequence of visual beauty - the music 
of the spheres” (Wilfred, 1947, p. 247). A few centuries later it was Aristotle who suggested in 
De Sensu that a proportional relationship between colours and musical notes might exist 
(Wilfred, 1947). 
 
 
French Mathematician Father Louis Bertrand Castel decided to rebuilt the mechanism of 
his Harpsichord after reading Isaac Newton’s Opticks (Wilfred, 1947). In 1734, the Clavecin 
Oculaire was the first colour organ to be performed, filtering candlelight through coloured glass 
(Moritz, 1997). In his writing, Newton had found no evidence of a correlation between the 
Figure 8 - Three paintings (1892-1894) of Rouen Cathedral, Claude Monet. Adapted from 
Rouen Cathedral (Monet Series) by Wikipedia, 2017, retrieved June 8, 2017 from 
https://en.wikipedia.org/wiki/Rouen_Cathedral_(Monet_series) 
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proportions of the vibrations of sound and colour, therefore suggested a relation of the lowest 
note of the octave with the lowest vibration in the spectrum, C with red, and so on. Castel did 
not agree with Newton’s scale and established his own (Wilfred, 1947).  
 
Technological advancement in artificial lighting was fuelled by the proliferation of gas and 
electricity as power generators and, in particular, with the development of the incandescent light 
bulb during the 1800s ("The History of the Light Bulb", 2013). 
 
In 1912, British Fine Arts Professor Alexander Rimington published a book called Colour 
Music: The Art of Mobile Colour. He begins the book arguing that “[until this time] there has 
been no pure colour art, that is to say, no art dealing solely with colour for its own sake as music 
deals with sound” (Rimington, 1912, p. 3). The book presents itself as a reaction to the years he 
had spent formulating the Colour Organ patented in 1893 and the foundations of a new form of 
art: Colour Music. It includes thorough descriptions of how to assemble the device, a notation 
system and his views on colour theory and its relationship with sound (Rimington, 1912).  
 
Rimington was, in words of Artist Joshua White, “searching, as we all are, to find a way to 
interpret music” (Yale University Art Gallery, 2017). Over the years many other artists and 
theorists have tried to find a correlation in the relationship between colour and sound from 
physical to emotional or psychological approaches, proving a very subjective venture. 
Rimington agreed that scales of colour and musical sounds have insufficient features in 
common to establish any analogy (Rimington, 1912) and giving space for artistic expression. 
 
The figure of Thomas Wilfred (see Figure 9) deserves special attention in the context of 
this thesis3. Wilfred was mesmerised with light from a very young age hence devoted his life to 
establish and promote Lumia, the Art of Light. He was born in Denmark in 1889 and travelled 
across Europe to study in many art universities to learn as much as possible about light, as he 
gracefully describes on an article he wrote for The Journal of Aesthetics & Art Criticism: 
 
My own experiments began in May in 1905 in Copenhagen with a cigar box, a 
small incandescent lamp and some pieces of coloured glass. During my studies in 
Paris the instrument grew to several wooden boxes, a few lenses and a real screen— 
one of my bed sheets tacked up on the wall. One day I invited my teacher of painting 
to a demonstration. He scowled, “This is an utter waste of time. With this on your 
mind you will never learn to paint.” Well—I didn't. Eventually I became a singer of 
folk songs and player of the lute, but only in order to support my experiments with 
                                                      
3 I have purposely not included the work of Oskar Fischinger, and other artists down the line, for its inherent 
connection with music and sound. 
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light; I would sing till I had money, experiment till I was broke, then sing some more. 
In 1914 I was honoured with a Royal Command to sing at the English Court. After 
this the engagements multiplied, but three months later World War One cut career 
and experiments short; within a week I was in uniform and on my way to camp. 
Mustered out in 1916, I continued my concert work and experiments in the United 
States. But no one can serve two masters. In 1919 I gave up my career as a singer to 
devote all my time to the building of an instrument with which I could materialize 
something of my fourteen-year-old dream: a silent and independent art of light. Late 
in 1921 my first real instrument stood ready and I named it Clavilux. The visual 
compositions came readily enough, they had long been before my inner eye, but I had 
to learn to play them, develop a technique, and the instrument was not nearly flexible 
enough. (Wilfred, 1947, p. 250) 
 
 
He strongly argued that Lumia was an autonomous art form, independent from music or 
any sound (Wilfred, 1947). Nonetheless, he articulates an analogy with music to describe what 
Lumia is:  
Figure 9 - Thomas Wilfred with Lumia, 1960. Reprinted from Yale University Library, 
2013, retrieved June 10, 2017 from 
http://yaleinsight.library.yale.edu/madid/oneItem.aspx?id=1809381 
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If you take the art of sound, music. You have melody, harmony and rhythm. You 
may say there are three dimensions that right angles to one another. But I often asked 
musicians: what is the basic factor in music? The very basic thing you build on and 
return to. Sound? No, it is not. It is silence. Because no conductor raises his baton 
until he has produced silence in the concert hall. And taking elaborate precautions to 
maintain it solemnly until the structures of sound he's building. And he returns to 
silence for a fraction of a second before the applause breaks in. So silence is the basic 
factor in music. In Lumia the basic factor is darkness. Utter and complete darkness. 
You must begin with that, and not only that, you must begin imagining endless dark 
space in front of you, so you're at liberty to build a form, miles out. (New York Public 
Radio, 1968, 15:43) 
 
 
His efforts to were not limited to his own practise and in 1930 it was founded the Art 
Institute of Light as a non-profit centre for Lumia researchers. Three years later the facilities in 
New York comprised a Lumia theatre, studios and laboratories, holding both lectures and 
recitals (Wilfred, 1947).  
 
Wilfred toured around USA and EU but, when the World War II began, the Art Institute of 
Light had to close its doors. Despite setbacks, he focussed his efforts on building small and 
portable versions of his Clavilux (Wilfred, 1947). 
 
MoMA (Museum of Contemporary Art of New York), that had already purchased 1941’s 
Vertical Sequence, Op. 137, commissioned in 1963 a large installation to fit an entire room in 
the new expansion of the Museum. Lumia Suite, Op. 158 was on display until 1980 when it was 
dismantled and stored in boxes (Yale University Press, 2017). 
 
A pivotal work in the history of contemporary kinetic sculpture and light art is László 
Moholy-Nagy’s Light Prop for an Electric Stage (see Figure 10). Although the artefact was 
originally devised for stage lighting in theatre, the inherent nature of the object revealed itself to 
the artist when he displayed the device as a free-standing, motionless sculpture (Lie, 2007). 
Moholy-Nagy captured his experimentation with light and movement of objects through space 
on his only abstract film, which features no other than Light Prop as its subject. A Lightplay: 
Black White Gray (1926) “synthesises his [Moholy-Nagy] attempts to visualise the act of seeing 
from multiple viewpoints” ("László Moholy-Nagy. A Lightplay: Black White Gray. c. 1926 | 
MoMA", 2017). 
 22 
 
Artist Lucio Fontana started producing in 1949 a series of large-scale curved neons called 
Ambiente Spaziale. Many artists, frequently connected to avant-garde movements like GRAV or 
ZERO, would emerge later on around the globe using light as medium or constitutive element 
of an artwork (Wagner, Ball and Lauson, 2012). However, it is the luminal work of Dan Flavin 
that still resonates as most innovative and influential in the art world (Wagner et. al, 2012).  
 
In 1961, Flavin began working on a series of “icons” combining electric lights with plainly 
painted square hardboards. Two years later, he proclaimed that the commercially produced 
fluorescent tubes were the only required material for his (Baier and Stemmrich, 2013). He made 
use of all available standard colours, shapes and sizes combined within a geometrically variable 
space.  
 
The fluorescent tubes develop a symbiotic relationship with their environment, not 
defining nor enhancing; “one could hardly help noticing the light but which they were engulfed 
upon entering these subtly manipulated spaces. In this way, the pieces were more intuitive, less 
self-referential than [Donald] Judds’ or [Sol] LeWitt’s or [Carl] Andre’s” (Pendergast and 
Pendergast, 2001, p. n/a). For Flavin it was crucial to make disappear all cables and plugs, “an 
artificial light that becomes detached from its source and seems to float energetically in the 
space as a light emission” (Baier and Stemmrich, 2013, p. 22). In The Nominal Three (To 
Figure 10 - Moholy-Nagy, L. (1929-30). Light Prop for an Electric Stage (Light-Space 
Modulator) replica. [Metal, plastics, glass, paint, and wood, with electric motor] Santa 
Barbara: Museum of Art 
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William of Ockham) (see Figure 11) “the wall functions optically as a space in between the 
elements and is able to link their shapes together in order to form a whole … He will stretch out 
[the disposition of the lamps] along the entire length of a wall, thus linking it to the 
contingencies of each exhibition space, whose dimensions from then on directly determinate the 
size of the work” (Baier and Stemmrich, 2013, p. 126-127). 
 
 
Over the years many artists have embraced the use of light in their art practice proving as a 
very versatile language. David Bachelor, Jim Campbell, Carlos Cruz-Diez, Nancy Holt, Jenny 
Holzer, Iván Navarro, Anthony McCall, Doug Wheeler, Cerith Wyn Evans (Wagner, Ball and 
Lauson, 2012), Julio Le Parc, to name a few.  
 
Yet, the most referential figure in contemporary light art is American James Turrell. His 
explorations of light and space have an inherent spiritual connection as he was raised as a 
Quaker4 (Carroll, 2015). 
                                                      
4 Group with Christian roots that seeks religious truth in inner experience and place great reliance on conscience as 
the basis of morality ("BBC - Religions - Christianity: Quakers", 2009). 
Figure 11 - Flavin, D. (1963). The Nominal Three (To William of Ockham). [Daylight 
fluorescent lamps] Madrid: Reina Sofia Museum 
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During his first visit to New York when he was a kid, his aunt took him to MoMA to see 
one of her favourite painting, one of Claude Monet series of Water Lilies (Orgeman, 2017). In 
his own words, “the Monet was impressive, just in its size within the room. A bit out of focus, I 
though, but I was dutifully impressed. Not quite demonstratively enough so for my aunt. In a 
walk through the museum, I encountered a work that I now believe to have been Vertical 
Sequence, Op. 137 (1941), by Thomas Wilfred. It stopped me in my tracks. A glowing orb of 
light slowly rotating and spreading about auroral spectra. Arresting for sure. But more than that 
-it was light, alive. … Looking back to that day, I can say that Wilfred’s Lumia would become 
as prescient to me as Turner’s work was for Impressionism and even Abstract Expressionism” 
(Orgeman, 2017, p. 16).  
 
Turrell went to study perceptual psychology, mathematics, geology, astronomy and art; 
“reading the works of French philosopher Maurice Merlau-Ponty and the American 
psychologist James J. Gibson, and [he] was interested in sensory synaesthesia” (Orgeman, 2017, 
p. 17). He strongly believes that “we weren’t made for the midday sun. We were made for 
twilight. For reduced light. When light is reduced the pupil opens and we can really feel it” 
(Carroll, 2015). 
 
 
Turrell has gone beyond the gallery space to explore the interaction of natural and artificial 
light. His series of Skyspaces (see Figure 12), currently more than 70 around the globe, are 
chambers with an aperture to the sky. The structures are equipped with lights sequences that are 
Figure 12 – Different light stages of the Skyspace at Pomona Collage. Turrell, J. (2007). 
Dividing the Light [Mixed media] Claremon: Pomona Collage Museum of Art
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projected on the ceiling around sunrise and sunset. Turrell’s artwork “heightens our awareness 
of our own perceptual processes so that we can discover both the richness and the mystery of 
our self-created illusions… When we can experience disorientation in a non-threatening, 
sensorially enriching context such as art, we may find the means to deal more positively with 
unfamiliar situations in everyday life” (Turrell, Haskell and Wortz, 1980, p. 13).  
 
In parallel to these works, there is a rich effervescence of extraordinary installations based 
on kinetic light. This worldwide movement is led by several collectives as United Visual Artists 
(see Figure 13), Playmodes, WhiteVoid, AntiVJ, 1024 Architecture, Nonotak, Kimchi and 
Chips and artists of the likes of Ryoji Ikeda, Carsten Nicolai, Joanie Lemercier, Daniel Canogar, 
among many others. Techniques used are diverse, some are descendant of video art, others of 
stage lighting or developed beyond the realm of projection mapping (a discipline that transforms 
three dimensional objects into sculptural screens). Yet the vast majority of the existing works 
that can be found in new media art festivals, galleries or museums have sound as an integral 
component, falling into the category of audiovisual installations. 
 
 
Rosalind Krauss argues that “anything can be a work of art, but only if that thing has been 
worked on in such a way that it becomes a technical support, a medium. A medium is like a 
language, it cannot be spoken just once, it requires repetition” (Plante, 2013). Light has proved a 
very versatile one.  
Figure 13 – Momentum, spatial instrument of pendulum-like elements of light and sound. 
United Visual Artist (2014). Momentum [Mixed media] London: Barbican Curve Gallery 
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3. Design Experiments 
The present chapter begins with a brief introduction to a previous project, 3:1, that has 
been the foundation for the development of this line of work. In support for my research in the 
construction of narratives using light as a medium, I have established a framework for luminal 
art in space. The chapter details the fundaments and characteristics of each component of this 
framework and summarises the fabrication of the instrument in this case study, 9:1. 
 
The chapter includes relevant knowhow about the technologies associated with light and 
presents a discussion of the difficulties and decisions made along the way.  
 
3.1 Preliminary Steps 
 
As John Cage said, we are not moving towards some kind of goal.  
We are at the goal, and it is changing with us.  
If art has any purpose, it is to open our eyes to that fact. 
-Antony Gormley (Gormley, 2012) 
 
The milestone of my study of light as a material in tri-dimensional space occurred in 2014 
when I attended an introductory course to the software Max/MSP (Max/MSP, 2017). The 
combination of the potential of this visual programming language and my ability to understand 
it made me confident to dive deeper into the correlation between coding and electronics. I had 
previously orbited around different coding environments and had made some small experiments 
mainly with the prototyping platform Arduino, but never completely autonomous. 
 
After learning how to connect and interact with Arduino using Max/MSP, my first 
personal challenge was to build a patch to control the colour output of an RGB LED lamp.  
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The procedure to modulate the intensity of a light source is usually done by modifying its 
DC voltage. However, LED lamps cannot be controlled this way, they have a voltage threshold 
under which they do not work, presenting only two states: on and off. Dimming can be achieved 
by switching them on and off very quickly (Dee, 2017), using a switching frequency much 
higher that the critical fusion frequency of the human eye (Bloomer, 1990). This retinal lag 
phenomenon makes the eye unable to perceive the flicker of the lamp and only notices the 
variation in the intensity of the light source.  
 
 
 
 
 
 
 
 
 
 
Dimming LEDs is accomplished electrically by using pulse width modulation (PWM), a 
way of encoding a digital signal into a pulse (Dee, 2017). The mechanism controls the “on 
time” and “off time” using the concept of duty cycle which describes the percentage of “on 
time” over an interval (see Figure 14). The percentage is linked to the brightness of the light 
source (Dee, 2017). This is particularly relevant when using RGB LEDs as the resulting colour 
is achieved by dimming red, green and blue in different percentages following the principles of 
the additive colour system. If the three are equal, the result will be white. LED technology 
cannot produce very low intensities because when they are lit they are already quite bright.    
 
The flicker is not perceptible by the human eye but can be very noticeable when filmed. To 
avoid this effect as much as possible is recommended to adjust the shutter speed and frame rate 
of the camera in relation to the light frequency ("Flicker-Free Video Tutorial", 2017). 
 
The Arduino UNO is a micro-controller board that has 6 analogue inputs and 14 digital 
input/output pins, 6 of which can be used as PWM outputs (“Arduino UNO”, 2017). Each PWM 
output is used to control one colour in the case of analogue RGB LED strips. However, as the 
voltage of the Arduino board is 5V and the strip runs at 12V it is necessary to amplify the signal 
Figure 14 - Duty cycle variations of PWM. Reprinted from Beckler, M., 2009, retrieved 
March 20, 2017 from https://www.mbeckler.org/microcontrollers/rgb_led/ 
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using a transistor ("Arduino Controlled 12v RGB LED Strip", 2017). Later on, I built two 
boards, one for three outputs and another one for six. For each output, it is required a transistor. 
The model used has always been the TIP31A. 
 
 
The communication between Arduino and Max/MSP is mediated by the Max/MSP 
external maxuino (“Maxuino » Getting Started”, 2017) which uses the serial port driver of the 
computer. It is essential to load the software library “StandardFirmata” into the memory of the 
board from the Arduino software (Arduino, 2017) before sending any messages from Max/MSP. 
 
The digital pins of Arduino write values as HIGH (1) or LOW (0), however, PWM outputs 
float numbers in-between 0 and 1 (“Arduino UNO”, 2017). Once having installed in Max/MSP 
the external maxuino, I developed a program that would break down the red, green and blue 
percentages of any hue selected on a colour graph. The three individual numbers would be sent 
to the Arduino board and then to each pin connected to R, G and B wires of the strip (see Figure 
15). After achieving this first step, I played around with different automations to change 
between colours.  
 
Within the limitations of the equipment I had, the 6 PWM outputs of an Arduino UNO can 
manage 2 RGB strips or 6 monochrome ones, I decided to exploit my resources using the 
maximum of possible outputs within a single colour.   
 
Figure 15 - Electronic circuit connecting a RGB strip to an Arduino UNO, 2014 
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My aim was to merge light into a sculptural object. The purpose was to materialise light 
into a physical form constituted by discrete elements that could be used to reshape the object 
into smaller sets.  
 
 
3.1.1 Learning by Doing, 3:1 
 
I resolved that the LED strips would serve as the structural components of a volume. In 
geometry, the solid constituted by 6 edges is the tetrahedron or triangular pyramid (Jackson and 
Weisstein, 2017). However, I decided to build an irregular polyhedron where all edges had 
different lengths, hence getting different intensities and triangular faces when light sequentially 
or in contiguous sets of three (see Figure 16).  
 
My approach to materialise the light was to build a tubular structure with frosted acrylic 
tubing and inserting the LEDs strips inside. As the tube is a cylinder and led strips only glow 
along one side, I opposed two strips for each segment to illuminate the 360° surface. I organised 
the LEDs and their wires into 3 lines of 2 segments, using transparent heat shrink tubing to keep 
the two opposing LEDs of each segment joint together. The purpose of this distribution was not 
only to hide the wires of the second segment in between the two strips of the first one, but to 
facilitate the confluence of the all wires into the same vertex (see Figure 17).  
Figure 16 - Experimentation with three cold white LED segments for the construction of a 
triangular pyramid 
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Working with irregular geometry paid its toll when designing the assembly system for the 
structure. Not only it would require holding three tubes together on each vertex, but also to 
carry the wiring in between segments. As this project was conceived as a proof of concept, I 
decided to use FIMO5 to manufacture some customised couplings in the shape of small 
tetrahedrons that are hollow on the inside, maintaining the continuity of the sculpture.  
 
                                                      
5 FIMO is the brand of polymer clay made by German company Staedtler 
Figure 17 - Finished 3:1 sculpture and its circuitry 
Figure 18 - Fade out interpolation between luminosity and time 
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The final size of the sculpture is about: W120 x H55 x D68 cm. Its construction took 
several months of understanding electronics, learning how to solder, resourcing materials, 
planning transportation, simplifying assemblage and solving an enormous amount of small but 
challenging difficulties.  
 
 
 
 
 
 
 
 
To control the lighting, I developed a software with Max/MSP based on two main 
functionalities: sending data to the Arduino board and previewing the output on the computer 
screen.  
  
Figure 19 - Midi to Luminosity scaling system 
Figure 20 - 3:1 software made with Max/MSP 
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I tried to emulate the behaviour of a piano: the lights could be activated pressing a 
sequence of six keys on the keyboard or by sending MIDI notes from another source or 
software. In order to have a more organic response in both scenarios, I added a functionality to 
force a fade out effect by the linear interpolation of the luminosity and the duration of each note. 
The time of the fade out = duration of the note / x; by default, x = 2 (see Figure 18).  
 
When using MIDI, the velocity value is applied to scale the luminosity response of each 
note (see Figure 19). Higher values represent a brighter output. However, the keyboard doesn't 
allow dimming as it only presents two states: key pressed [100% luminosity] or key not pressed 
[0% luminosity]. 
 
The overall project was named 3:1. The software (see Figure 20) includes two preview 
modes: a series of six buttons and a window where the wireframe of the sculpture gets to light 
up; both modes are sensitive to luminosity values. It is possible to run the application 
independently from the sculpture, as the fullscreen functionality enlarges the wireframe window 
to occupy the entire computer screen. 
 
 
In order to complete my proof of concept, a composition was arranged using a MIDI editor 
(see Figure 21). This application sends the MIDI notes and velocities over to 3:1 for it to 
perform them. The assignation of the six MIDI notes is not fixed and can be re-programmed in 
3:1 anytime.  
 
3:1 proved itself as a very challenging project, yet very rewarding. Beyond all the 
knowhow acquired in the process, I reaffirmed my curiosity when confronting myself with the 
sculpture glowing in the darkness (see figure 22). Despite the physical shape occupies a rather 
small volume, its presence as a luminous body activates the space and its relation with it along 
Figure 21 - MIDI arrangement for 3:1 using six notes 
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every step of the luminal sequence. As an exercise, I succeed to grasp the complexities of this 
material and became more confident to consider taking higher risks in the exploration of light as 
a medium. 
 
The inevitable next challenge revealed itself when studying the options when increasing 
the number of luminous components in future constructions. Leaving Arduino behind, the 
obvious solution was to implement the standard protocol used in stage lighting, DMX512.  
 
 
 
3.1.2 DMX 512 Protocol 
 
DMX is an acronym for Digital Multiplex, a standard communication protocol used to 
remotely control stage lighting and effects (DMX 101: A DMX 512 handbook, 2008). It is 
designed to provide a common communications standard between these lighting and other 
special effects devices regardless of the manufacturer.  
 
The 512 refers to the number of control channels used on one network segment of devices, 
called a universe (DMX 101: A DMX 512 handbook, 2008). In a simple dimming system, one 
Figure 22 – Sculptural object 3:1 in action 
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channel controls the intensity of one dimmer. A single intelligent fitting, however, may require 
several channels to control its various parameters (one for each feature like pan, tilt or colour).  
 
The DMX protocol of a fitting is the mapping of parameters to specific DMX channels 
(DMX 101: A DMX 512 handbook, 2008). For example, if a fitting uses 8 channels, each 
individual fitting of this type needs to use 8 unique DMX channels within the universe total of 
512. In a standard setup, there are multiple DMX devices within the network. Each device 
features a DMX IN and an OUT connection port. 5-pin or 3-pin XLR connectors are the most 
commonly found way of connection between devices (DMX 101: A DMX 512 handbook, 2008). 
From the control board (i.e.; sliders, computers) an XLR cable is connected to the first device 
into the IN port. Another cable comes out of the first device from the OUT port into the next 
device, wired together in a sequence known as daisy chain (see Figure 23). 
 
When using three equal fittings they will be addressed as 1, 9, and 17, and use DMX 
channels 1 through 24 to control each. Each channel represents a byte or an 8-bit value (between 
0 and 255) corresponding usually to a 0-100% brightness. Strings of 512 values are sent 40 
times per second (DMX 101: A DMX 512 handbook, 2008). The location of a value is referred 
as an address so it knows which DMX value to use.  
 
Art-net is an Ethernet protocol based on TCP/IP and allows the transference of large 
amounts of DMX512 data over standard networking technology (Specification for the Art-Net 4 
Ethernet Communication Protocol, 2017) but it has not been applied in the context of this 
research.  
 
DMX controllers can take the shape of portable consoles or usb-to-dmx devices. Of all the 
available options in the market, I decided to purchase an ENTTEC DMX USB PRO. This 
Figure 23 - Daisy chain connection of a DMX universe. Adapted from DMX 101: A DMX 
512 handbook, 2008 
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device can manage one universe and it is already supported by many applications among which 
are listed Modul8 and MadMapper ("DMX USB Pro", 2017). Later on, it was found a 
Max/MSP abstraction made by Olivier Pasquet (Pasquet, 2012) to send DMX data over to this 
device using serial port protocol.  
 
The principle to dim and control LEDs in DMX is basically the same when using Arduino, 
PWM. As indispensable the role of a mediator in distributing and amplifying the 5V messages 
into a higher voltage. This time, instead of fabricating my own controllers, I found available to 
purchase an inexpensive board specially designed for RGB LED strips. This decoder (see 
Figure 24) can manage up to 27 DMX channels of LEDs in a range from 12V to 24V. It has 
been designed to manipulate RGB strips for which gives a total of 9 independent lines. 
However, it is possible to wire monochrome lights to a maximum of 27 outputs.  
 
 
 
3.2 A Framework for Luminal Art in Space 
 
And finally, I came to the conclusion that light itself is necessary. You cannot paint light 
convincingly because it moves, it is part of the universal flux and therefore motion is a necessary 
dimension and factor in any visual art involving light. 
-Thomas Wilfred (Wilfred, 1968, 3:15) 
 
Figure 24 - DMX LED controller for 27 channels 
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From the analysis of the literature review and my own experience building 3:1, it seems 
clear the necessity of a system to materialise any real-time or pre-recorded light dynamic 
sequence. A simplistic definition can be outlined by the combination of two essential 
components: an instrument that emits light and a composition or luminal arrangement.  
 
I propose the inclusion of another constitutive component that sits in between the 
instrument and the composition. This element plays the role of the mediator when performing or 
orchestrating a luminal arrangement by the instrument (see Figure 25). It is the interface that 
activates the instrument and can take the shape of a piece of software or hardware. It is possible 
to consider the inclusion of this component within the development and construction of a 
luminal instrument. However, I suggest drawing a line in order to maximise the performative 
potential of any given luminous instrument. 
 
 
Thomas Wilfred had already articulated a similar conclusion. He had defined Lumia as “an 
aesthetic concept, expressed through a physical basis of methods, materials and tools… The 
aesthetic concept is one of form, colour and motion evolving in dark space, the physical reality 
is form, colour and motion projected on a flat white screen” (Wilfred, 1947, p. 252).  
 
Each element is identified as:  
 
a) aesthetic concept: the use of light as an independent art medium 
through the silent visual treatment of form, colour and motion in dark space 
with the object of conveying an aesthetic experience to a spectator. 
 
b) physical basis: the composition, recording and performance of a 
silent visual sequence in form, colour and motion, projected on a flat white 
screen by means of a light-generating instrument controlled from a keyboard. 
 
(Wilfred, 1947, p. 252) 
Figure 25 - Instrument, composition and orchestration diagram 
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Figure 26 - Thomas Wilfred, Lumia Diagram, ca. 1940-50 
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According to Wilfred, form, colour and motion are the basic factors of Lumia (see Figure 
26), each divided into four sub-factors (Wilfred, 1947):  
 
FORM, the integrated manifestation of light:   
Location—Where is it?  
Volume—How big? 
Shape—What is it? 
Character—What is there about it? 
 
COLOUR, the fractional manifestation of light: 
Hue—What colour is it—red, green, blue? 
Chroma—How much grey has been mixed with the pure hue?  
Value—How much white in that grey?  
Intensity—How strong is the light it sheds? In Lumia intensity is a 
necessary fourth factor. In a given combination of hue, chroma and 
value these three factors may retain the same relation to each other, 
while being moved into a higher intensity range by increased 
illumination. 
 
MOTION, the kinetic manifestation of light: 
Orbit—Where is it going? 
Tempo—How fast? Speeding up? Slowing down?  
Rhythm—Does it repeat anything?  
Field—Is it constantly visible, or does any part of its orbit carry it beyond 
the range of vision? 
 
(Wilfred, 1947, p. 253) 
 
Wilfred never considered the role of a mediator as his series of Clavilux were analogue 
machines built from scratch following two possible articulations: an instrument for real-time 
performance or as projectors of unchangeable pre-recorded luminal sequences. Although, for 
him, Lumia was primarily a performative art form with an active practitioner (Wilfred, 1947).    
 
Lumia was formulated as a projection on a flat white screen (Wilfred, 1947). The present 
research tries to exploit several technologies to expand luminal art beyond the screen. 
Honouring Wilfred’s remarkable work, I have revised his ideas to propose a new framework 
(see Figure 27) that can be applied for any luminal creation in space. I argue that an instrument 
gets defined by an explicit distribution of a determined number of emitters into a specific space. 
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Figure 27 - Luminal Art in Space diagram 
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SPACE, the tri-dimensional extension: 
Atmosphere—Does it require haze? Does it require blackout? 
Volume—What is the width, length and height?  
Shape—Is it a square, rectangle, circle, any other?  
 
 
The features of the emitters, as sources of luminous energy, follow Wilfred’s basic factors 
of form, colour and motion (Wilfred, 1947). The artist is free to use only one type or to combine 
multiple kinds of sources.  
 
Although the diagram I have designed suggests a specific sense in the direction of spatial 
luminal art development, it is not the only possible approach. One must understand that the 
character of any instrument is undeniably intermingled with the nature of a composition and the 
other way around. The development of one informs and conditions the other. Therefore, the 
artist must establish the priority and plan the line of action in response.  
 
Summarising, an instrument must include the installation plan with details of the 
dimensions of the space, the emitters’ location, the specifications of the emitters, the 
environmental conditions and the software and hardware to manage the totality of the system. A 
composition is an aesthetic experience through the silent visual treatment of form, colour and 
motion space. The orchestration takes the form of the mediator that allows the instrument to be 
performed, being real-time or pre-recorded. 
 
The following chapters compile the details of the development of a luminous case study 
through every stage.  
 
 
3.3 Building an Instrument, 9:1 
 
Any projection of visual content on a flat screen is meant to be experienced orthogonally, 
as it is also the case of painting, photography and traditional conceptions of theatre and live 
music performances. It requires the passive participation of the spectator. When I decided to use 
light as a medium, I wanted to confront this notion and provide an active, yet subtle, experience 
for the beholder.  
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The irregular geometry of the sculptural component of 3:1 was conceived to stress the 
multiplicity of viewpoints to experience the object. After its completion, I was able to 
experience the relationship of a body that radiates light with a subject (myself) that moves 
around it.  
 
For the present research, my interest shifted towards experimenting the opposite, an 
immersive luminous expanse that bathes and engulfs the beholder (see Figure 28); a space 
where the lights are the elements moving around, yet again with the active participation of an 
observer, as it is possible to move freely inside the given area. 
 
 
The idea I decided to embrace in order to explore this new configuration came as an image 
of a narrow corridor with fixed symmetrical white lights along each side. To help me visualise 
this arrangement, I fabricated a maquette (see Figure 29) that resemble a gallery space, out of 
3mm white foam board, making it functional attaching small strips of LEDs on each side and 
wiring them to a LED DMX decoder. At this point I settled the number of emitters for this 
project: 9 on each side, making a total of 18 cold white light sources. The instrument was named 
9:1. 
 
I tested several light compositions and sequences using a simple patch in Max/MSP and a 
timeline application called Vezér (described in subchapter 3.4). The results proved sufficient to 
set the foundations for the further development of a real size model.  
 
Haze was added to the list of specifications of the instrument as an atmospheric element 
“to abolish all obstacles, materiality, the resistances specific to a given context, and at the same 
time, it seems to impart a materiality and tactility to light” (Janssens, 2017). 
Figure 28 - Types of relationship between a visual artwork and the beholder 
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Figure 29 – Different light states of 9:1 Maquette 
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3.3.1 Specifications 
 
9:1 (see Figure 30), as an instrument, gets defined by: a rectangular space with 9 white 
cold diffused dim emitters along both of the longest sides (total of 18), the use of haze and the 
ad hoc software.  
 
 
 
Figure 30 - 9:1 technical design, floor view 
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3.3.2 Fitting Design 
 
In order to achieve the type of light I envisaged for the emitters, I considered two possible 
case scenarios: sourcing commercial DMX compatible fittings or building my own. I decided 
the later hoping to achieve an equilibrium between customization and low financial investment.  
 
A fitting “is a physical object … but a light is not simply a three-dimensional form: it both 
occupies a space and exist as a means of revealing and describing space” (Wilhide, 2010, p. 6). 
When designing a fitting there are some principles that must be considered: function, diffusion, 
direction, spatial description and colour. 
 
 
I started with the light source itself experimenting with four types of 12V LED to analyse 
they different colour temperatures (see Figure 31) and their DMX behaviour. Many commercial 
lights are not dim friendly. From the ones I tested: [1] Dichroic 6W Model EPISTAR 297 Lm, 
[2] Dichroic 4W Model LDS-10004 260 Lm, [3] Cold White LED strip SMD 3528, [4] RGB 
LED strip SMD 5050; ordered from left to right, top to bottom in the picture shown. To diffuse 
the light, it has been used translucent paper. 
 
The strips had the best response when dimming, but the colour temperature gets too blue 
and too purple. They also showed a very strong flicker when filming. In the end, the model 
chosen was the [2], despite having a smaller DMX range that will be adjusted manually in the 
9:1 application. 
Figure 31 - Colour temperature differences when testing diverse LED lights 
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To maintain the rectangular form of the light, I came up with a truncated pyramid for the 
casing to be made of 3mm plywood (see Figure 32). As the type of LED chosen does not 
generate too much heat, therefore they do not require any additional cooling system. 
 
 
Figure 32 - 9:1 fitting blueprints 
Figure 33 - 9:1 assembly diagram 
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The process of fabrication of the fittings (see Figure 33) consisted of: designing, laser 
cutting, assembling and gluing, filling wood paste, sanding, painting white, covering the interior 
with aluminium tape as reflector, placing components (dichroics, wires, connectors), gluing the 
diffuser (translucent paper) and placing hanger. This fitting model has been labelled “CW01”. 
 
The installation wiring comprises: LED wire (connecting the two dichroics inside the 
casing), fitting wire (height lights will be hanged, max 160cm) were and distribution wire (from 
DMX controller). 
 
Each fitting has two dichroics of 4W. The power consumption of the total of eighteen 
fitting equals to 4w * 18 = 72W * 2 = 144W. Therefore, it is needed a power supply of 12V 
with at least 12A. The 27 channel LED decoder used supports up to 1A per channel.  
 
3.3.3 Software 
 
The software (see Figure 34) has been designed to control each individual fitting. The 
graphic interface follows the distribution of the emitters from a top view of the installation. It 
serves to send DMX values to the fittings and to preview their behaviour. The luminosity of 
each fitting is shown by a number that represents its intensity percentage and a visual cue.  
 
It is divided into left (green) and right (yellow) sides when seeing from the entrance to the 
space. The green and yellow bars control the intensity of all fittings of that side, and coloured 
buttons send value 0 to all. However, each fitting can be controlled individually by means of the 
graphic visualizer. The grey bar is a slider that controls the amount of mist dispensed by the 
smoke or haze machine. 
 
The application sends and receives OSC data to allow the communication with other third 
parties to any specified address. The crosses activate or deactivate such functionality for each 
side or individually. The icons located on the top right side control remotely the timeline 
software Vezér (described in subchapter 3.4), to record and play compositions. It is possible to 
move the play head to the next or previous frame, to send all present values, and to jump to the 
starting point of a composition. 
 
The list of numbers at the bottom serves to monitor the output DMX values that are being 
outputted at any given time.  
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Figure 34 - 9:1 software 
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3.3.4 Notation 
 
A notation system has been devised to visually represent luminal compositions. The 
system has been established from a top view of the installation, in accordance with the graphic 
visualizer of the 9:1 software, to keep record of every light movement. It can represent a volume 
of light and its development in time (see Figure 35, 1st phrase) or a gestural sequence (see 
Figure 35, 2nd phrase). Each phrase must include the luminosity development over the duration 
of the bar and how many times it will be repeated. Bar duration can be applied to the overall 
composition or specified in any phrase when required.  
 
I 
 
 
3.4 Orchestration 
 
The selection of a mediator is subordinated to the type of performance of the luminal 
composition, if real time or pre-recorded. The orchestration is a modular component of the 
framework, as once the instrument is assembled it can be performed by any compatible means. 
The 9:1 application uses OSC to communicate with other third parties, but it is feasible to 
update the software to interpret MIDI incoming data.  
Figure 35 - Example of notation 
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In the case of this research, I have considered more suitable an autonomous pre-recorded 
composition for a gallery space, hence, using a timeline based sequencer software. After trying 
different alternatives, the commercial software Vezér (Nagy, 2017) proved to be the most far-
reaching and reliable choice (see Figure 36). 
 
 
One of the main reasons to use this solution is the capability to customise curves (see 
Figure 37) between each keyframe through several interpolation possibilities. 
 
Figure 36 - Vezér timeline application, screen captured 
Figure 37 - Examples of intensity variations for four different channels 
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3.5 Rehearsal in Gallery Space 
 
For two weeks I was able to run several tests at the facilities of the Biennial of Cerveira 
Foundation, in Vila Nova de Cerveira. The room I had access to was square instead of 
rectangular, so I was forced to adapt the instrument to that shape (see Figure 38).  
 
 
The most pertinent issue I had to deal with was avoiding triggering the Fire Alarm 
detection system when using the smoke machine. Fire safety regulations must be consulted in 
every indoor location, specially when dealing with particle detection (extremely sensitive to 
haze) systems instead of heat based detectors. However, I came to understand it was not 
necessary to fill the entire room with a thick layer of mist. The atmosphere is less oppressive 
and sufficient to get a nice diffusion of the light.  
 
During this period, I presented this project to the Art and Multimedia students of Escola 
Superior Gallaecia. At this point, it proved still difficult to articulate a silent luminous 
experience. Most of the questions from the students were related to syncing the system to sound 
and music.   
 
  
Figure 38 - 9:1 view, adapted to a square room 
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4. In Praise of Shadows 
Musicians everywhere make their sounds to capture silence  
and architects develop complex shapes just to envelope empty space. 
-Charles Moore (Tanizaki et. al, 1977, foreword) 
 
 
Here lies what is unknown. An empty space, nothing more. It is an expanse of reticence, of 
atmosphere, of pauses. A gaze into the darkness, knowing is a mere shadow. The vague 
representation of the insubstantial. A thin phantom. The immutable tranquillity of the 
impalpable void. 
 
Yet flickering points of light break into the surface, the soft fragile beauty of the feeble 
light blending into the invisible. Dim shadows against heavy shadows. A misty world of 
confusion where dark and light are indistinguishable. So dilute is the light that has lost its power 
to illuminate.  
 
In a flash, the pale white glow reverts itself. Enveloping darkness while shadows are 
banished into the corners. Suddenly dancing, suddenly steady. A distant glimmer on the 
horizon, bursting like a candlelight. Feeble, yet impassible. A moment of mystery lost in 
contemplation. Time that is meditated upon. Here is light, murky light, lacking clarity. A bright 
space, yet a black container. A world of overtones but hardly suggested. 
 
What rests within the darkness, one cannot distinguish. Inseparable from what lies beyond, 
not in the thing itself. Luminous particles suspended in the obscuring haze. Clouds of light 
travelling like waves in a shallow ocean. They materialise and dematerialise in a radiant 
moment, glowing upon the horizon. The very depth building for itself a place to live in. Sinking 
into absolute repose. 
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4.1 Description 
 
In support for this thesis research, I have created a set of pieces called “Suite n°1: In Praise 
of Shadows”. This composition is profoundly inspired by the essay of the same name written by 
Japanese novelist Jun'ichirō Tanizaki, published in 1933. The text reviews traditional Japanese 
aesthetics in contrast with Western culture and its influence in modern Japan. The text stresses 
the opposing influence and meaning of light and darkness in both societies.  
 
The silent suite draws upon the visual perception of the viewer through a series of light 
sequences that continuously transform and redefine the space. For each of us, reality reveals 
itself as a combination of fragmented moments, an ever-shifting present. A multiplicity of 
viewpoints that is not taken but assumed, transient to itself, neither real nor unreal. The piece is 
performed by the light instrument 9:1, consisting of five movements that unfold over a period of 
30 minutes. Visitors are invited to move freely around the room, or stay steady in one place.  
 
The public debut of this artwork took place at the gallery of Maus Hábitos, Rua Passos 
Manuel 178, 4º 4000-382 Porto (Portugal) in between 4 and 9 July 2017. 
 
 
4.2 Information for Public Disclosure 
 
The following text outlines a series of suggestions and warnings for the audience and it is 
positioned by the entrance of the installation (see Figure 39), accompanying the introductory 
poem:  
 
To maximise your experience, take into consideration the following guidelines:  
 
The duration of the experience is up to 30 minutes. It has been designed in relation to the 
ability of the eye to adjust to dark conditions, a phenomenon known as dark adaptation. It is 
recommended to access the room at the beginning of each hour. 
 
Visitors are invited to move freely around the space, to sit or lie down anywhere as they 
please. Earplugs are supplied for the reduction of environmental sounds. Its use is not 
mandatory. The installation has purposely dim light and no sound. Please, respect other 
spectators. 
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4.3 Score  
 
“Suite n°1: In Praise of Shadows” consists of five movements that unfold over a total 
period of 30 minutes. Each piece has a duration of six minutes and its distribution (see Figure 
40) along the composition is informed by the dark adaptation phenomenon that occurs in the 
human eye. 
 
Figure 39 - Poster with poem and instructions, outside the gallery at Maus Hábitos 
Figure 40 - Overall light intensity evolution through each movement 
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Segment “I” employs very fast, melodic and contrasted gestures. Segment “II” begins to 
reduce the maximum luminosity used and slows down the pace. Segment “III” builds the tone 
for segment “IV” which plays extremely smooth atmospheric transitions using very dim light. 
Segment “V” brings back the tension of more dramatic passages elevating the overall brightness 
to its maximum, ready to initiate a new cycle. The orchestration (see Figure 41) has been made 
using the timeline software Vezér (Nagy, 2017).  
 
In order to activate the performance of every piece, it has been made a sub-patch in 
Max/MSP to schedule a sequenced reproduction (see Figure 42) in relation to the computer 
clock. Every composition is precisely triggered when the time matches the agenda. This code is 
essential for the artwork to run autonomously, controlling the fitting and the smoke machine, 
independently of the time when the computer is switched on. 
 
Figure 41 - Excerpt of the first fifty seconds of all the five light arrangements 
Figure 42 - Automation for the reproduction of every sequence 
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4.4 Graphic Documentation  
Figure 43 - T. Freijeiro, D. (2017). Front view on three moments [Digital photography] 
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4.5 Conclusions  
 
The transformation of the gallery at Maus Hábitos into the instrument 9:1 took place in one 
day, but not without difficulties. It was very problematic to black out completely the space 
during daytime; another day to setup would have helped to cover more accurately all the 
windows and to built a doubled layer entrance with thicker fabric. As using white coloured 
fabric instead of black, to maintain the continuity with the rest of the room. In the same way of 
covering all distribution wires with white tape. 
 
The main problem was dealing with a faulty smoke machine. The model purchased, a 
Beamz S1500, had been already replaced by the seller. Despite some successful tests ran the 
previous week, the device stop working altogether in less than twenty-four hours. A smaller and 
manually controlled machine was lent to complete the system. A sign was placed at the entrance 
of the gallery instructing the audience to operate the machine when there was no haze inside the 
space. 
  
The background noise coming from the bar nearby was at times too loud and distracting, 
interfering with such intentional silent experience. The earplugs provided were insufficient to 
block it. The duration of the composition proved too long under these circumstances.   
Figure 44 - T. Freijeiro, D. (2017). Detail of the fittings [Digital photography] 
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5. Conclusions 
This dissertation circumscribes the fundaments and history of artworks made solely with 
light as medium, supported by the description of a case study. In this last chapter, I review the 
conclusions reached with the work that has been originated, and propose some directions for 
further research that may follow.   
 
 
5.1 Conclusions  
 
We are surrounded by light. Sun, moon, stars, flames, lightings, aurorae cohabit with all 
sorts of lamps, screens and luminescent materials, manmade tools to illuminate or to 
communicate. Thomas Wilfred was the first artist to endorse the art of light, or Lumia as he 
called it. At the same time, he tried to break the enduring relationship between the aural and the 
visual. A bond that has proved to be extremely strong, even more nowadays subjected to an 
overly stimulated society. Wilfred firmly worked all his life to prove the self sufficient 
competence of light to convey meaning.  
 
Aided with technology advancement, artists working with light found fertile soil with the 
aperture of the conventional definition of sculpture, from the sixties onwards. Dan Flavin and 
James Turrell being two of the most representative names up to date in the formal art world.  
 
The work on this thesis has aimed to build kinetic light artworks through reductionist 
practice in order to generate spaces for introspection, pushing my previous boundaries to 
comprehend the technologies that support this line of work. In doing a project of this magnitude 
on my own, I have found myself at times not being able to become aware of small yet 
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fundamental details. As per my technical limitations, I have been forced to select some very 
restricted options along the process, particularly in the orchestration domain.  
 
Despite many difficulties and challenges, the outcome of this work has overpassed my 
initial prospects. The opportunity facilitated by Maus Hábitos to hold the public exhibition has 
proved pivotal for understanding and supporting the arguments of this present thesis. Upon 
confronting the artwork, its presence manifests itself likewise as content, container or the 
confluence of both, though its possible perception as object, condition or expanse. The 
multiplicity of states that I seek in my art practice. The use of haze in the room for scattering the 
light was fundamental for that phenomenon to occur.  
 
The public presentation served to test the physical implementation of a luminal instrument 
in a given space, the performance of a light composition and the behaviour of the spectators 
under such conditions. It has helped to outline flaws for future configurations, both in the 
instrument, the composition and its presentation to an audience. Regardless of the background 
noise and the insufficiency of the ear plugs to block it, I have found a general consensus for 
continuing the development of silent light experiences. 
 
In Praise of Shadows was composed using the maquette, which produced some glitches in 
the final performance as the behaviour of LED strips and dichroics is fairly dissimilar. The 
duration of the suite was too ambitious at this point, nonetheless, it was a worthy exercise to 
explore numerous light gestures for future compositions.  
 
 
5.2 Future Directions  
 
The work on this dissertation is nonetheless another step in the complex journey for 
comprehending light. The systems presented are still extremely immature and give space for 
further development. 
 
Within its simplicity, 9:1 is a very versatile luminal instrument, capable of numerous 
luminous gestures. Subsequent explorations already consider the implementation of different 
tools for the orchestration of compositions, and in particular, the arrangement of real-time 
performances. Yet, as it has been constructed by combining individual fittings, it opens the 
possibility to explore different distributions using the same “cw01” fittings to create new 
instruments on a given space. 
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Beyond 9:1, there is an obvious curiosity in building new and more complex light 
instruments. I consider the addition of colour and motion as narrative components in the 
fabrication of other original emitters, without rejecting the option of operating off-the-shelf 
fittings. Getting to a point where it could be possible to combine different instruments to 
perform more elaborate light arrangements. I am also drawn to encourage other artists to create 
compositions for 9:1 and other future light instruments.  
 
I am certain that not the first person attempting to create luminous compositions and I will 
not be the last, many wonderful artworks are being made using light as medium. Yet, I am truly 
confident that more and more will find light a compelling material for art expression without the 
mediation of sound. It is my sincere hope that this research will provide some guidance to those 
who are in pursuit of light.  
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